ABSTRACT: There is a need to review the multimodality imaging techniques, as well as the emerging role of the newer noninvasive imaging modalities in the field of constrictive pericarditis (CP). Therefore, the aim of this review is to summarize the current available techniques that are useful for the diagnosis and differentiation of CP from restrictive cardiomyopathy. Also, we provide illustrative images and videos of typical CP noninvasive imaging findings, as well as a diagnostic and management algorithm. CP is a challenging diagnosis; therefore, cardiologists need adequate knowledge about the application of multimodality noninvasive imaging in a systematic and guideline-oriented fashion whenever CP is suspected.
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ecurrent pericardial inflammation may result in constrictive pericarditis (CP), characterized by a noncompliant pericardium with impaired filling of both ventricles and resultant diastolic heart failure. [1] [2] [3] [4] Often a diagnostic challenge, CP shares hemodynamic features with other diseases, such as chronic obstructive pulmonary disease (COPD), severe tricuspid regurgitation, and restrictive cardiomyopathy (RCM). 5, 6 However, unlike other forms of heart failure, CP is potentially curable by pericardiectomy 1, 7 or may even be reversed with anti-inflammatory therapy. [8] [9] [10] Therefore, correct diagnosis and prompt clinical management are crucial for improved patient outcomes. Noninvasive imaging modalities, especially echocardiography, have characteristic findings and play a critical diagnostic role when CP is suspected. 1, 2 Echocardiography is consequently the initial test of choice, although cardiac magnetic resonance (CMR) or computed tomography (CT) may be adjunctive if echocardiography is nondiagnostic or if additional anatomic information is needed, such as the degree of pericardial thickness, inflammation, or calcification. 1 Recently, advances in echocardiography and CMR have improved the noninvasive diagnosis of CP, demonstrated prognostic value and informed subsequent management. Specifically, these advances have improved the assessment of pericardial inflammation and fibrosis, as well as the hemodynamic sequelae of constrictive pathophysiology. Yet, the emergence of the predominant role of imaging in CP is often underappreciated. Therefore, this review has the following objectives: (1) highlight the pathophysiology of CP; (2) emphasize updated echocardiography, CT, and CMR techniques to assess pericardial anatomy and hemodynamics; (3) present typical imaging findings encountered in the noninvasive assessment of CP; and (4) delineate the distinctive features in the evaluation of CP versus RCM. a small part of the left atrium (LA) and the pulmonary veins, the pericardium encompasses the heart. The diseased pericardium is noncompliant and encases the cardiac chambers forcing the heart to operate under a fixed volume. Consequently, ventricular filling is impaired, despite normal myocardial relaxation. 11, 12 The characteristic hemodynamic features of CP are (1) dissociation of intrathoracic and intracardiac diastolic pressures and (2) exaggerated right to left ventricular (LV) interaction known as interdependence.
During inspiration, the negative intrathoracic pressure is transferred to the pulmonary veins but does not affect the pressure in the constrained LA. This decreases the pulmonary vein-LA pressure gradient leading to underfilling of the LV. As a result, there is respirophasic interventricular septal shift to the left, favoring the right ventricular (RV) diastolic filling. This decrease in the preload of the left heart is not mirrored on the right side of the heart during inspiration because the inferior vena cava (IVC), superior vena cava, and the right atrium pressures are persistently high throughout the cardiac and respiratory cycles and without significant variations. 13 In addition, the RV preload is augmented by the negative intrathoracic pressure on systematic venous return during inspiration, which supports RV filling to the limits set by the constraining pericardium and the space created by the degree of leftward shift of the interventricular septum. The opposite occurs during expiration when the positive intrathoracic pressure increases the pulmonary vein-LA pressure gradient favoring LV filling. This increase in the preload of the left heart causes a rightward respirophasic movement of the interventricular septum. Consequently, there is RV underfilling during expiration and displacement of blood back to the hepatic veins, which causes the characteristic late diastolic expiratory flow reversal.
Varying severities of CP physiology can occur. Early on, impairment in diastolic filling leads to congestive symptoms; however, when CP progresses to a state of severely compromised diastolic filling, it leads to reduction in the cardiac index. In a subset of patients with large pericardial effusions, constrictive physiology may result, which is known as effusive CP. Effusive CP is characterized by predominant visceral pericardial inflammation and persistence of constrictive pathophysiology after drainage of a pericardial effusion.
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Basic Principles for the Noninvasive Diagnosis of CP
CP is a hemodynamic diagnosis characterized by ventricular interdependence and diastolic heart failure in the absence of restrictive myocardial disease. Structural alterations, such as pericardial thickening and calcifications, may lead to these hemodynamic changes, although they are not always present in CP. 15 In addition, the finding of pericardial thickening is not equivalent to CP. 16 However, as pericardial thickening and calcification become more extensive, constrictive pathophysiology is more likely. Pericardial inflammation can also impose constrictive pathophysiology and has important management implications. [8] [9] [10] The imaging evaluation of the pericardium is consequently directed at hemodynamic and structural abnormalities and the strengths and weaknesses of echocardiography, CT, and CMR are summarized in Table 1 .
ECHOCARDIOGRAPHY Pericardial Structural Evaluation
Pericardial Thickening and Calcifications Echocardiography demonstrates pericardial thickening when there is parallel motion of both visceral and parietal pericardium with increased thickness.
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The 4-chamber subcostal view is particularly useful in detection of the motion between the pericardial layers. Usually, transthoracic echocardiography is less reliable than CT or CMR in detecting increased pericardial thickness or calcification, 1 although transesophageal echocardiography has a reasonable correlation with CT 17 ( Figure 1A ).
Pericardial Tethering
Normally, the heart and the visceral pericardium move within the parietal pericardium. When pericardial adhesions are present, the normal independent motion of visceral and parietal pericardium is lost. The demonstration of pericardial tethering by 2-dimensional (2D) echocardiography can be difficult and may require technical expertise (Movie I in the Data Supplement). However, tissue Doppler imaging (TDI) and myocardial strain imaging are more reliable than visual assessment for the detection of tethering. By TDI, the LV anterolateral wall may show pericardial tethering and can be detected by the demonstration of a mitral annular lateral e′ to medial e′ ratio <1, or annulus reversus, which is a specific finding for CP. 18, 19 In addition, longitudinal TDI has been used to study and compare the differences in the inner to outer myocardium and the outer myocardium to pericardial peak systolic velocities; tethering is depicted by significantly higher ratio of inner-outer to outer pericardial systolic velocities when compared with controls. 20 Alternatively, if annulus reversus is not present, the anterior, inferior, and inferolateral mitral annular e′ velocities to medial e′ ratios may reveal tethering in those walls, respectively; however, no data are available on its diagnostic utility.
Similarly, myocardial strain imaging by 2D speckle tracking is useful. In the absence of other disease processes that affect myocardial strain values, LV and RV strain can demonstrate diminished (lower magnitude) negative peak systolic strain in free walls when compared with septal peak systolic strain, so-called strain reversus (Figures 2 and 3) . Our group has reported a sensitivity and specificity of LV lateral wall strain to LV septal wall strain ratio <0.96 of 89% and 96%, respectively 21 ( Table 2 ). The LV and RV strain abnormalities are also noted to resolve with pericardiectomy 21 ( Figure 2 ). However, this study did not evaluate the incremental value of strain on top of the simpler echocardiography parameters; further studies may help in expanding the data on our findings and evaluate the potential incremental value of strain imaging in addition to simpler echocardiography techniques. Lastly, tethering of the LA free wall detection is possible by strain imaging, which has a characteristic pattern of an impaired early diastolic strain rate of LA superior and lateral walls when compared with the septal wall in patients with CP pre-pericardiectomy.
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Hemodynamic Testing
Abnormalities of Septal Motion
Respirophasic ventricular septal shift (VSS) is one of the key noninvasive imaging diagnostic features of CP [1] [2] [3] [4] (Movie II in the Data Supplement); it is well demonstrated with a respirometer, 10-beat 2D cine clips, and 50 mm/s sweeps of 2D and M-mode. 1 Typically, using parasternal long-and short-axis views, ventricular interdependence is characterized by diastolic interventricular septum shifting posteriorly into the LV with inspiration reflecting LV underfilling and anteriorly into the RV with expiration ( Figure 4A ) reflecting recovery of LV filling. Conversely, a septal shudder or bounce, which is characterized by an abrupt displacement of the interventricular septum in early diastole during each cardiac cycle is common in CP, although nonspecific ( Figure 4C ). 24 Septal shudder reflects the dip and plateau sign of ventricular pressure tracing by invasive hemodynamics. Unlike the ventricular free walls, the interventricular septum is anatomically not involved with the pericardium and can, therefore, periodically bulge in and out of the LV cavity. The early rapid filling phase is associated with abrupt pressure rise in the RV initially pushing the interventricular septum toward the LV. Then, the pressure rise is abruptly halted when the intracardiac volume reaches its limits set by the noncompliant pericardium and coincided with the pressure rise in the LV causing an abrupt anterior septal motion. Importantly, a septal shudder should not be misinterpreted as VSS, which is a more specific diagnostic finding.
In addition, the interventricular septum has a characteristic early diastolic high velocity and polyphasic septal fluttering motions by tissue Doppler M-mode and short-axis pulsed-wave TDI of interventricular septum, respectively ( Figure 4B , 4D, and 4E). 25 Both techniques may be used to improve the interpretation of abnormal septal motion, especially when other causes of abnormal septal motion coexist, such as left bundle branch block, paced rhythm, or RV dysfunction. 25 In left bundle branch block and RV pacing, there is a greater delay in the contraction and relaxation of the LV compared with the RV. Consequently, in early systole, RV pressure rise precedes that of the LV leading to RV-LV pressure gradient and the characteristic 2D and M-mode echocardiography finding of early septal motion into the LV. Similarly, in early diastole, the tricuspid valve (TV) opening precedes that of mitral valve causing RV-LV pressure gradient and early diastolic septal shift, which may be confused with septal shudder. In RV dysfunction or significant tricuspid regurgitation, RV diastolic filling pressure and volume are usually elevated, and this may lead to diastolic septal motion abnormalities mediated by TV inflow waves during diastole. 2D indicates 2 dimensional; CP, constrictive pericarditis; GLS, global longitudinal strain; E/A, tricuspid valve inflow peak E wave velocity/peak A wave velocity ratio; LGE, late gadolinium enhancement; LV, left ventricle; MRI, magnetic resonance imaging; MV, mitral valve; RCM, restrictive cardiomyopathy; RV, right ventricle; RVEDV, right ventricular end-diastolic volume; TV, tricuspid valve; and VSS, ventricular septal shift.
Mitral TV Inflow Pattern and Mitral Annular Tissue Doppler Velocities
Doppler findings are critical for CP diagnosis.
1,2 Mitral E/A ratio >0.8 is essential for the diagnosis because early rapid filling is abnormal leading to high E velocities in both ventricles. 2 Typically, there is ≥25% inspiratory decline in mitral and ≥40% increase in tricuspid E-wave velocities when compared with that during Figure 5A and 5B). Similarly, marked respiratory variations are usually noted in pulmonary venous flow. 26 According to the 2013 American Society of Echocardiography cardiovascular imaging guidelines for the diagnosis of pericardial diseases, the percentage of respiratory variations for the peak E-wave velocity across both the mitral valve and the TV should be calculated as ([peak E expiration −peak E inspiration ]/peak E expiration )×100 1 ; note that the mitral valve E-wave respiratory variations yield positive values, whereas the TV E-wave respiratory variations yield negative values reflecting the typical discordant filling patterns.
1 Because 30% to 50% of patients with surgically proven CP lack significant respiratory variations, 27 ,28 the demonstration of mitral and tricuspid respiratory variations ≥25% and ≥40% is not required for the diagnosis. 2 Patients with either markedly elevated filling pressures or reduced preload can have less pronounced respiratory variation. 29 In addition, conditions such as COPD or tricuspid regurgitation can induce mitral E-wave respiratory variation mimicking that of CP. 6 The superior vena cava flow can be useful in differentiating COPD from CP because of its characteristic respiratory variation pattern. In patients with COPD, the systolic forward flow increases with inspiration in contrast to CP, which has little respiratory variations. 6 This Doppler finding in the superior vena cava may be equivalent to Kussmaul sign.
Another major finding in CP is the demonstration of normal or high (≥9 cm/s) mitral medial annular early diastolic velocity (e′) by TDI. [1] [2] [3] [4] Medial mitral annular e′ ≥9 cm/s when combined with respiratory septal shift represents a robust combination for diagnosis of CP with high sensitivity and specificity >90%, respectively. 18, 30 Mitral annulus reversus is highly specific for CP approaching 100%; however, this finding may be absent in about 25% of patients 18, 19, 31 ( Figure 5C and 5D). In some cases, especially when e′ velocity is borderline, medial mitral annular peak systolic tissue Doppler velocity S′ ≥6 cm/s may provide a supportive parameter for the diagnosis. 32 Usually, medial, lateral, or mean E/e′ cannot be used for filling pressure estimation in patients with CP because it does not correlate with elevated pulmonary capillary wedge pressure. 33 However, in patients without myocardial pathology, an inverse relationship termed annulus paradoxus is often noted. 
IVC Size and Hepatic Vein Flow Pattern
Except in the setting of volume depletion, a dilated IVC is invariably present ( Figure 6A ). Therefore, even though it is nonspecific, a plethoric IVC is required for the diagnosis of CP 2 . On the contrary, the diastolic expiratory hepatic vein flow reversal ratio, which is defined as the hepatic vein (diastolic reversal velocity/forward velocity) in expiration ( Figure 6B ), is specific to CP, 2, 11, 28 although it may be difficult to demonstrate since accurate hepatic vein recordings are needed. A study reported that the combination of VSS with medial e′ ≥9 cm/s and hepatic vein expiratory flow reversal ratio during diastole of ≥79% versus VSS and medial e′ ≥9 cm/s only has a sensitivity and specificity of 64% and 97% versus 87% and 91%, respectively 28 ( Table 2 ). Note that respiratory conditions with fluctuations in intrathoracic pressure, that is, COPD, may produce similar patterns of respiratory variations in transmitral and transtricuspid Doppler inflow patterns. In COPD, E/A is lower, and deceleration time is more prolonged. Pulsed Doppler of superior vena cava shows a marked increase in inspiratory systolic flow, as opposed to diastolic prominent flow in CP.
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Computed Tomography
Pericardial Structural Evaluation
Cardiac CT is not a first-line test for patients with suspected CP. 1 However, CT can be useful in preoperative planning for pericardiectomy, especially when surgery is a redo-cardiac procedure. 1, 35 Multidetector CT can offer valuable information, including location of cardiac and vascular structures relative to midline retrosternum, as well as aortic atherosclerotic changes. Occasionally, especially in patients with predominantly abdominal complaints, when abdominal CT is already available, there may be findings to suggest the diagnosis of CP, 36 which will require confirmatory testing by echocardiography or CMR. CT is sensitive for pericardial calcification or detection of pericardial thickening ( Figure 1B and 1C) . However, almost one-third of patients with CP do not have thickened pericardium, 36, 37 and calcifications are only present in about 25% of patients with surgical CP. 15, 38 Therefore, absence of pericardial thickening or calcification does not rule out CP. In addition, not all patients with pericardial calcifications have CP; however, pericardial calcifications represent abnormal pericardium and may warrant clinical monitoring for the development of CP symptoms or hemodynamic changes. CT can have prognostic information, especially, if the posterolateral wall is not visualized on CT, presumably because of myocardial fibrosis or atrophy, pericardiectomy is high risk. 39 In our experience, we have often observed that calcium in CP has a partial band-like pattern (from basal anterolateral LV going inferiorly and then encircling the heart to reach the RV outflow tract) with extension into the mitral and tricuspid annuli. There is often a sparing of the apex and LV anterior walls. Further studies will be important to study the pattern of calcification and correlate with hemodynamic and prognostic findings. 40 
Hemodynamic Testing
As discussed, CP is a hemodynamic diagnosis, and CT imaging is limited in this evaluation. The temporal resolution that can be achieved with CT remains inferior to CMR and echocardiography. In addition, breathing is restricted during acquisition, and substantial radiation exposure may be incurred. However, CT can be useful in detection of IVC dilitation. Given the high sensitivity of a dilated IVC with CP, its absence by CT makes CP less likely. Recent data suggest that dilated IVC by CT ( Figure 6C ) in combination with pericardial thickening can be useful 37 ; however, because of the nonspecificity of IVC dilation in CP, confirmatory testing by echocardiography or CMR is required. Occasionally, 4-dimensional cine CT may be used to assess the septal bounce in CP. However, given the radiation exposure concern and the requirement for breath-held imaging, assessment for accentuated ventricular interdependence is not possible.
Cardiac Magnetic Resonance
Structural Imaging CMR is a second-line imaging modality for the evaluation of CP useful for both pericardial thickening ( Figure 1D ) and hemodynamic change evaluation. Real-time CMR imaging can be performed during free breathing and so can be used to assess the accentuation of ventricular septal shift with respiratory maneuvers. In CP, the value of CMR is tissue characterization, which can demonstrate pericardial edema and inflammation ( Figure 7A ). Pericardial edema is suggested by increased signal on edema weighted imaging using T2 short tau inversion recovery sequence, and active inflammation is demonstrated by late gadolinium enhancement (LGE), which indicates ongoing fibroblast proliferation with neovascularization 10 ( Figure 7B ). The finding of both edema and inflammation suggests an acute or subacute active process. Importantly, active pericardial inflammation favors CP reversibility with anti-inflammatory therapy. [8] [9] [10] In addition, there is an incremental value of the degree of LGE on the response to anti-inflammatory therapy. A study suggested that higher quantitative pericardial LGE (median [quartiles] LGE of 77 [43, 15] ) is associated with poor response to anti-inflammatories and the need for pericardiectomy 8 ( Table 2 ). Another study reported that CMR pericardial tissue tagging is highly sensitive in its depiction of pericardial tethering. 41 CMR can be useful for simultaneous evaluation for myocardial infiltrative diseases, which could suggest an alternate diagnosis of RCM in the absence of CP.
Hemodynamic Testing
The application of relatively recent CMR techniques allows not only structural evaluation of the pericardium but also detection of the characteristic CP hemodynamic changes. Like echocardiography, cine CMR video clips during free breathing can be acquired in real time and provide data for ventricular interdependence evaluation. Visual assessment of VSS is possible by free breathing cine CMR imaging with good sensitivity and specificity for CP diagnosis. 42, 43 Also, if free breathing cine CMR is not available, breath-held CMR may be used alternatively, with good diagnostic characteristics as well. Table 2 ). 45 Another useful index is the ratio of RV free wall-septum distance (distance A) to that of biventricular distance (distance B) measured from short-axis view, (A/B) inspiration −(A/B) expiration ≥11.8% has been reported to favor the diagnosis CP (Figure 7E and 7F; Table 2 ). 43 Also, LA volume /right atrium volume index tends to have a higher value in CP when compared with RCM 46 ; however, the mere reliance on LA/right atrium volume index for differentiating CP from RCM can be questionable because the study utilized other tools in combination with this index, such as LGE.
Moreover, the use of velocity-encoded CMR allows for assessment of mitral and tricuspid inflow velocities, and one group reported confident discrimination of CP from RCM 47 based on variation of inflow with respiration, although with limited sample size and scanning technology that is not widely available (Table 2 ). Another study using velocity-encoded CMR signals reported that pericardial thickening with rela-tively lower RV volumes of RV end-diastolic volume ≤133 mL along with tricuspid inflow E/A wave ratio ≤1.3 can be useful for CP diagnosis 48 ; similarly, the data are limited, and currently, this technique is not a part of routine CMR (Table 2 ). In addition, dilated IVC detection by magnetic resonance imaging ( Figure 6D ) can suggest the possibility of CP, especially when there is pericardial thickening. 49 Owing to the high sensitivity of dilated IVC in CP, its absence can nearly exclude CP, 49 although the nonspecificity of dilated IVC requires other hemodynamic features to be present for the diagnosis to be confidently made. Cardiac mechanics by strain imaging CMR can be performed and can help in differentiation of CP from RCM 50 ; however, this technique is not routinely done in CMR examinations. Lastly, extracardiac imaging may provide hints to the diagnosis, such as the finding of liver distension with liver magnetic resonance elastography as surrogate for increased right heart pressure in patients with CP 50 ; however, this finding is of questionable use in CP diagnosis given its nonspecificity and the challenge of interpretation in primary liver disease.
Positron Emission Tomographic Imaging
Positron emission tomographic imaging can be useful in the detection of pericardial inflammation. A limited single-center study, which had 16 patients, suggested that [18F]fluorodeoxyglucose positron emission tomography may have utility in transient inflammatory constriction. The study revealed that [18F]fluorodeoxyglucose positron emission tomography/CT predicts response to steroid therapy. The data are limited by sample size, and the majority of patients had tuberculosis pericarditis. 51 In addition, spatial resolution is a major limitation for [18F]fluorodeoxyglucose positron emission tomography currently, which would not allow adequate differentiation of pericardium from myocardium.
CP Versus RCM Evaluation
Differentiating CP from RCM has major implications on therapy and prognosis. Based on the 2016 American Society of Echocardiography diastolic function guidelines, when mitral annular medial e′ velocity is >8 cm/s, annulus reversus and hepatic vein expiratory flow reversal are present, RCM can be excluded, and CP diagnosis can be established with confidence. 2 Using the current understanding of the multimodality noninvasive cardiovascular imaging data, we developed a helpful algorithm for CP evaluation and management (Figure 8 ). Data suggest that even lower intensity of mitral E-wave respiratory variations, as low as ≥10%, could favor the CP diagnosis because RCMs tend to have nearly fixed ventricular filling. 13 Also, hepatic vein flow reversal tends to occur with inspiration in RCM. 7 In special populations, such as patients with severe mitral annular calcification, mitral valve prosthesis, Figure 8 . Multimodality noninvasive imaging diagnostic and management workup algorithm for constrictive pericarditis (CP). CMR indicates cardiac magnetic resonance; CT, computed tomography; E/A, mitral valve inflow E wave velocity/A wave velocity ratio; IVC, inferior vena cava; LGE, late gadolinium enhancement; OR, odds ratio; RCM, restrictive cardiomyopathy; SVC, superior vena cava; and VSS, ventricular septal shift.
severe tricuspid regurgitation, or RV systolic dysfunction, medial e′ may be reduced in the absence of RCM or LV dysfunction. In addition, myocardial infiltrative diseases can have nonuniform distribution. 30, 52, 53 Therefore, LV strain imaging may be a useful alternative to overcome the limitations of tissue Doppler imaging because global longitudinal strain is significantly higher in CP compared with RCM (−15.8±2.8% versus −9.8±3.7%; P<0.05), respectively. 21 Similar results have been reported with CMR. 49 In RCM, there is predominant endocardial dysfunction and relative sparing of epicardial function leading to impaired longitudinal strain, relatively normal circumferential, and preserved twisting mechanics. However, CP predominantly impairs epicardial fibers because of perimyocardial tethering and leads to impairment of circumferential strain and twist mechanics with relatively spared overall longitudinal strain. 53, 54 In addition, CMR can detect diffuse areas of myocardial thickening or abnormal gadolinium contrast enhancement and kinetics, which are often diagnostic of RCM. Moreover, limited data suggest that pulmonary regurgitation continuous wave Doppler has a characteristic pattern for differentiating CP from RCM. 55, 56 In CP, the pulmonary artery to RV pressure gradient abruptly declines in early diastole reflecting the rapid RV pressure rise (dip and plateau sign) and remains low in mid and late diastole as RV pressure plateaus, leading to the corresponding early reduction in pulmonary regurgitation velocity. Whereas in RCM, the pulmonary artery pressure is much higher and the pulmonary artery-RV pressure gradient is usually more preserved in mid and late diastole, leading to lower degrees of early velocity reduction on pulmonary regurgitation continuous wave signals.
With the advent of computer-associated memory classifier, echocardiography machines can use machine learning to identify patterns and variables associated with the highest diagnostic value based on memorized data sets stored from patients with known CP and RCM. 52 Recently, data suggest that a 4-variable model (end-diastolic ventricular septal and posterior wall thickness, mitral medial e′, and mitral E/e′) or 4-variable model in addition to 15 speckle-tracking echocardiography variables had promising results for differentiating CP from RCM with area under the curve of 0.94 and 0.96, respectively. 52 This technology may help less-experienced echocardiographers in diagnosing less-frequently encountered diseases, such as CP. 57 When noninvasive imaging is nondiagnostic, invasive hemodynamics using the systolic area index (the ratio of the RV-LV systolic pressure-time area during inspiration to that during expiration) of >1.1 can be useful with a sensitivity of 97% and a specificity of 100% for differentiating CP from RCM. 58 The systolic area index >1.1 reflects RV-LV pressure discordance with respiration, which is a characteristic of the enhanced ventricular interaction in CP as opposed to the concordant pattern in RCM. The data suggest that the systolic area index is the most useful diagnostic invasive hemodynamic finding when compared with the other criteria: LV end-diastolic pressure minus RV end-diastolic pressure ≤5 mm Hg, pulmonary artery systolic pressure <55 mm Hg, RV end-diastolic pressure-to-RV systolic pressure ratio >1/3, LV height of rapid filling wave >7 mm Hg, or inspiratory decrease in right atrial pressure <5 mm Hg. 58 Occasionally, despite all noninvasive imaging tools, the clinical picture may still be unclear, and endomyocardial biopsy may be necessary.
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CONCLUSIONS
The diagnosis of CP is based on specific hemodynamic characteristics, including respirophasic variation and accentuated early diastolic filling in the absence of myocardial disease. Echocardiography provides reliable hemodynamic data for this diagnosis. If needed, CMR is complementary by reliably assessing ventricular interdependence. Importantly, the strength of CMR is delineation of pericardial inflammation, which can inform response to anti-inflammatory therapy and the need for pericardiectomy. For the diagnosis of CP, CT is limited because it primarily provides supportive anatomic features, not diagnostic hemodynamic findings. However, CT is helpful for procedural planning by outlining pericardial and aortic calcifications. In patients with suspected CP, multimodality imaging, therefore, typically provides a complete characterization of the hemodynamic and anatomic features necessary for optimal care.
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